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Pipe Flow -Qp = A.

Where A = Cross-sectional area

of barrel in sq. ft.

Hp = Total head on barrel

in feet taken from the

top of barrel at its

outlet (or the water

surface if outlet is

submerged) to the

design point in the

detention pool.

f = Friction factor

L = Length of barrel in ft

D = Diameter of barrel in

ft.

FRICTION FACTORS f) FOR USE ~~ITH PIPE FLO~~

A number of different flow patterns may exist in a drop inlet

structure of this type, depending on the head discharge rela-

tionships of the various component parts. In other words,
that part of the drop inlet controlling the flow pattern may
be a weir at the lip of the riser, an orifice at the lip of
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the riser, or at the barrel entrance, a section of the riser

acting as a short tube, or the horizontal barrel flowing full

and controlling the flow pattern. For all practical purposes

it is necessary to consider only the flow patterns as outlined

in the example on Figure l-5A. Orifice control of flow at the

riser lip is undesirable. A drop inlet so designed as to per-

mit weir, orifice, and pipe flow at the same head also is

undesirable. The ideal condition is to design the structure

so that weir flow over the riser lip will control the flow

until the head discharge relationship reaches a point where

pipe flow in the barrel will assume control of the discharge.

The transition between these two types of flow is smooth for

both increasing and decreasing heads. This can be done by

designing the drop inlet so that pipe flow in the barrel will

control the flow at the higher discharge stages, using a

vertical riser sufficiently larger than the barrel to maintain

weir flow at lower discharge stages. Select also a height of

riser which will provide a head adequate at the entrance of

the barrel for orifice discharge equal to or greater than the

barrel's designed capacity.

The inclined tube type of principal spillway also consists of

a pipe under the enbankment with a larger diameter riser

at its upper end. However, the riser usually is shorter

than the drop inlet type riser and the barrel usually is

angled down the natural valley slope on a grade greater

than critical. Oischarge of the princi~al spillway under

this condition is limited by the amount of water that can

enter the pipe. By proportioning the riser, the discharge

can be controlled by orifice flow at the entrance of the

barrel and can be determined by the formula Q = O.6A ~,

where H is the head measured from the center of the barrel

-entrance to the design elevation in the detention pool. The

cross-sectional area of the riser should be not less than

1.5 times that of the barrel, and the height of the riser

should be proportioned to meet site conditions. Because

barrel diameters in this type principal spillway are usually

less than 12 inches, one 3 or 4 foot section of concrete

pipe makes an acceptable riser. The minimum head above the

lip of the riser to produce the desired discharge can be

determined by using the above orifice formula a(1d the weir

formula Q = 3.5 L H? where H is the head in feet above the

lip of the riser, L is the length of the weir in feet, and
A (in the orifice formula) is the area of the riser in

square feet. The minimum head is that head above the riser

lip which will produce a Q, calculated by either the orifice

or weir formula, which slightly exceeds the designed Q of

the barrel.
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d. Emergency Spillway -Where detention storage is provided and

considered in the design, vegetated spillways for this type

of erosion control structure should be designed to handle

the expected lOO-year frequency peak discharge. Existing

methods, procedures and specifications are given in the Engi-

neering Field Manual for Conservation Practices. USDA-SCS-

Engineering Division, Technical Release Number 2 -"Earth

Spillways" and Chapter 3 of this note al so may be used

in the design of these spillways. TR-39 -"Hydraulics of Broad

Crested Spillways" provides tool s for their design.

Embankment- The embankment for this type structure should

be designed in accordance with existing procedures and speci-

fications for Ponds.

e.

3. Design Procedure. (Exampl'e}

Principal Spillwaya.

Step 1: Determine the desired level of protection to be

afforded the energency spillway. This will depend on site

conditions and may vary from frequent flows to flows no more

frequent than once in 25 years. In this example a lO-year

level of protection was desired.

~tep2: Compute hydrologic soil cover complex cu,rve number

(Procedure given in National Engineering Handbook (NEH), Hydro-

logy, Section 4.) For this example, Curve No.88 is used.

Determine Time of Concentration IITc1f for drainageStep 3:

area:

Determine 24-hour design storm (Texas Engineering Technical

Note No. 2l0-l8-TX5). For example, .6 square mile drainage
area with 2% average slope in Houston County area is used.

lO-year frequency is 7.50 inches.

1

(2) 6.07 inchesDetermine runoff for 24-hour storm

Read peak discharge for design stonn (210-18-TX5) (720 cfs)(3)

(4 Adjust peak discharge for slope.
(720) {1.16) = 835 cfs. ' ,

(Reference 210-18~TX5

nch runoff per square mile(5) Determine peak discharge per

drainage area.

= 229 csm/inch

6) 0;6 (1.50 hrs.Read Tc from Figure



1-13

Step 4: Obtain 24-hour rainfall for 10-, 25-, and 100-year

frequency frcxn 210-18-TX5 and tabulate Type II storm distri-

bution from Table 1-1. (See Table l-lA -for example Houston

County Area used.)

Stee5: Tabulate runoff from rainfall using rainfall-runoff

tables on NEH-4 Standard Drawing No. ES-1OO1, on Table l-lA.

Step 6: Plot tabulated mass runoff vs. duration (Figure 1-1).

This represents runoff at the original source. A storage

indication routing operation will be necessary to obtain the

inflow to the site location. On small watersheds with short

time of concentration the mass runoff curve will not change

appreciab'ly. The use of time of concentration as a para-

meter for flood routing will introduce some adjustment to the

hydrograph for watershed size and shape. A simple storage-

indication routing can be accomplished by selecting the proper

routing coefficient and time increment (Ti). The time incre-

ment should be short enough to approximate the runoff mass

curve. Generally it should not be more than 1. hour.

Figure l-lA shows the relationship of the routing coeffi-

cient to the ratio of Ti to Tc. In the example, Table 1-2,

the Tc is 1.5 and Ti is 0.75.

The ratio is 0.5, and the routing coefficient is 0.33 or 1/3.

This routing procedure is illustrated in Table 1-2. It is

accomplished thus:

{ List duration as the accumulation of time increments.

2) Tabulate mass runoff at source for each entry of time

from Figure 1-1.

3) Add mass runoff at source (Col. 2) and storage (Col. 3)

to obtain Column 4. Column 3 is Column 4 minus Column 5

for the previous time.

(4) Multiply Column 4 by routing coefficient and tabulate

in Column 5.

5) Plot Column 5 on Figure

the structure site.

-1 This is the mass inflow to

These computations can be programmed on a programmable cal-
culator. The equation is 12 = C (Q -11) + 11.

Where 12 is inflow for current time

I is inflow for previous time

c is routing coefficient from Figure -lA

Q is runoff for current time
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Step 7: Compute mass outflow through the principal spillway

conduit for a 6-, 12- or 24-hour period using head at the

principal spillway crest elevation. A range of pipe sizes

shou1d be computed to use in proportioning the size of the

principa1 spi11way and detention storage capacity. It is

recognized that sane storage wi11 occur before pipe f1ow

occurs in the principal spi11way, but offsetting this is

the increased f1ow caused by the added head from the principa

to the emergency spi11way. ,These wi11 balance satisfactorily

if the in1et is designed to exclude orifice flow in the

principa1 spi11way. Discharges for corrugated meta1 pipe
may be obtained from Figure 1-5. For this examp1e a pipe

length of 80 feet and head of 16 feet is used to obtain the

discharge for 4811,421',3611,30'1,2411, and 1811 pipes. These

discharges are then expressed in terms of inches of runoff

fran the .60 square mi1e drainage area.

(cfs x .03719)
.60 sq. mi. = Discharge in inches per day

Pipe Size

.Diameter

Discharge

cfs

Discharge

Inches/day
In

18
24
30
36
42
48

21

42

73

112

160

216

1.30
2.60
4.53
6.95
9.93
3.40

Step 8: Plot mass discharge canputed in Step 7 on Figure 1-1.

Mass discharge is shown as a straight line tangent to the mass

inflow curve. The maximum difference in the lO-year mass inflow

and outflow is the storage required to provide a lO-year level

of protection to the emergency spillway. In the example the

following storage and pipe size combinations are required to

provide lO-year protection to the emergency spillway.

D~ten~ion Storage

(Inches Runoff)

Piee Di~~~ter

(Inches)

18
24
30
36
42
48

4.90
4.20
3.25
2.60
2.00
1.45

The duration of inflow in excess of outflow varies with the

size of the pipe. Inflow and outflow curves need not be extended
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for more than 24 hours, if the principal spillway will dis-

charge the detention storage capacity within 10 days.

Preliminary cost estimates involving comparative cost of

different canbinations of principal spillway and storage

will indicate the cheapest structure that will provide the

desired level of protection. The 3611 pipe and 2.60 inches

of detention storage are used in this example.

b. Emergency Spillway

The emergency spillway or spillways shall be designed to

carry the structure outflow from the lOO-year frequency

storm but must have a minimum width of 30 feet and minimum

depth of 2 feet. Also~ it must pass the 25-year flood at

the safe velocity determined for the site. The design can

be accomplished by the use of mass routing procedures.

Effective storm duration in the design of this type of

structure varies with detention storage and spillway capa-

city. The design through mass routing procedures considers

effective storm duration.

The procedure may be accomplished by the use of two storage

indication routings. The first is to obtain the 25- and

lOO-year mass inflow curves to the site, as accomplished

for the lO-year flood in the principal spillway design

procedure, except the 25- and lOO-year frequency storms

are used. (Tables 1-2A and 1-28, Gols. 1-5.)

Storage indication routing through the structure for the

25- and lOO-year flood is accomplished in the same manner

The 25-year frequency flood routing is explained.

Step 1: Prepare Stage-Detention Storage curve for site -

Figure 1-2.

Step 2: Prepare Stage-Discharge curve for the site. This

should include discharge through the principal and emergency
spillway. The size of the principal spillway conduit has

been determined, but the size of the riser necessary to

exclude orifice flow and the rating curve for the s~;illway

must be determined. This can be done by computing the head-

discharge relationships for pipe, weir, and orifice flow

(Table 1-3). The flow characteristics can be analyzed by

plotting the head discharge curves for the various com-

ponent parts as shown in Figure 1-3 and 1-4.

In exami ni ng the performance of the 541. ri ser i t wi 11 be

noted that the weir flow curve will control the flow to the

point where the orifice flow curve crosses it. This occurs
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at about elevation 99.9'. From this point orifice flow exercises

control to about elevation 100.81, where control will jump to

pipe flow. This is an undesirable condition, so the 5411 riser
i s too sma 11 .

In examining the perfonnance of the 60" riser it will be noted

that the weir curve controls flow up to the elevation at which

pipe flow assumes control. This is the flow condition desired,

so that the 60" riser will be used.

The section of the orifice curve below the weir curve never

determines the head-discharge relationship because there is

insufficient flow to fill the orifice.

The portion of the pipe flow curve below the weir curve cannot

control the flow because there is insufficient water to fill

the pipe.

Those portions of the weir and orifice curves to the right of

the pipe curve cannot control the flow because they are flooded

out by the pipe flow control.

The size of the riser and the stage-discharge relationship for

corrugated metal pipe-drop inlets can be obtained from Figures

1-5, 1-5A and 1-58. The stage discharge for pipe flow is

plotted from Figure 1-5 or 1-58. The size of the riser and

the part of the stage-discharge curve controlled by weir flow

can be taken from Figure 1-5A.

For the structures with barrel diameter less than 12 inches,

excluding orifice flow in the design of the drop inlet type

principal spillway may not be necessary, but for the structures

with larger diameter barrels, the method of analysis as set forth

herein should be used to determine adequacy of design.

The width of the emergency spillway must be assumed. It can be

rated by procedures given in Chapter 3 of this technical note.

For this example a 30-foot wide spillway was used. It is con-

venient to plot this curve on the same sheet with the Stage-

Detention Storage curve, Figure 1-2.

~teQ-3: Prepare Storage Indication Routing curve tabulations

(Table 1-2C). Columns 1 and 2 are taken from the Stage-

Capacity curve (Figure 1-2) for the site. Columns 3,4 and 5

are taken from the Stage-Discharge curve (Figure 1-2) for the

site. Column 6 is Column 5 converted to inches for a particular

time interval. The time interval should be short enough that

the Mass Inflow curve can be reproduced with the points\ selected.

It is convenient to use the same interval as was used to deter-
mine the Mass Inflow. For this example 0.75 hour was used:
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Col. 6 = 0.60 sq. mi x 24 hrs.

Col. 7 is Col. 2 + Col. 6

Step 4: Plot Storage Indication curve from Table l-2C,

Cols. 6 and 7, Figures l-2A.

Step 5: Storage Indication Routing, Table l-2A, Gols. 1

to 5 are the routing of runoff to obtain inflow to the

site from the 25-year frequency flood. This is discussed

under principal spillway design procedure.

Column 6 is the incremental inflow to the site for each
time interval and is the difference between values tabu-

lated in Column 5.

Column 7 is the storage at the beginning of the time in-

crement and is the same as Column 10 for the previous

time increment.

Column 8 is the sum of Column 6 and Column 7.

Column 9 is the Outflow read from Figure l-2A for the

S + O value in Column 8.

Column 10 is the Storage at the end of the time increment
and is obtained by subtracting Column 9 from Column 8.

This routing needs to be carried past the point of maxi-

mum storage only. In this example the maximum storage

of 3.220 inches occurred at 16.75 hours.

Step 6: Determine depth of flow and emergency spillway
peak discharge. From the Stage-Detention Storage curve

(Figure 1-2) 3.220 inches of storage occurs at elevation
104.25 or an emergency spillway flow depth of 0.75 feet.

The total peak discharge through the spillways from the

Stage-Discharge curve (Figure 1-2) is 163 cfs. Principal
Spillway Discharge is 131 cfs and Emergency Spillway Dis-

charge is 32 cfs.

The emergency spillway must pass the 32 cfs at a non-

erosive velocity.

When the 100-year flood is routed through the site, the

maximum storage of 4.179 inches occurs at 16.00 hours

(Table 1-28). The maximum storage occurs at elevation
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105.10 or 1.60 feet depth of flow in the emergency spillway
An emergency spillway 30 feet wide and 1.60 feet deep is re.

quired to pass the runoff from the 100-year frequency storm

The emergency spillway should be no less than 30 feet wide

and 2 feet deep.

Standard Drawing No. ES-600is included in Chapter 3 of this

technical note and can be used to estimate the exit channel

velocity.

Otber Types

Other types of erosion control structures include formless concrete chutes

reinforced concrete chutes and drop spillways, masonry drop spillways and

rubble masonry overfall dams.

The discharge these structures are expected to convey is determined from

hydrologic data and possibly reservoir routing:: and economic considerations.
Generally, storage is not significant and the design capacity is based on

peak discharges for a particular frequency flood. When detention capacity

is significant it should be considered and the flood routing procedures given
for earth dams used to determine the required capacity of the structure.

The flood frequency for which these structures are designed will depend

upon the cost of the structure and the effects of flows in excess of

design capacity. These types of structures and appurtenant emergency
spillways should be designed to pass no less than a 50-year frequency

flood without damage to the structure.

Formless concrete chutes should be designed in accordance with Standard

Plan #4-E-l5030.

Reinforced concrete chute spillways should be designed in accordance with

Section 14- "Chute Spillways" of the National Engineering Handbook.

Drop spillway type structures should be designed in accordance with

Section 11 -"Drop Spillways" of the National Engineering Handbook.

Rubble masonry overfall dams should be designed in accordance with

Figure 1-6.4- .'Small Masonry Gravity Dam -for Rock Foundation".

Corrugated metal toewall drop structures should be designed in accordance

with Standard Plan #TX-EN-OO64.






